A healthy dog developed signs of lethargy and vomiting after ingesting water from a tide pool containing blue-green algae. Fulminant hepatic failure occurred, and the dog was euthanized 52 hours later. At necropsy, the liver was large, friable, and discolored a dark red. Histopathology showed hepatocyte dissociation, degeneration, and necrosis. The alga was identified as Microcystis aeruginosa, a known hepatotoxin. The intraperitoneal administration of lyophilized cell material from the bloom caused hepatic necrosis in mice.
coagulation panel (prothrombin time, partial thromboplastin time, antithrombin-III, fibrin degradation products), fasting plasma ammonia concentrations, venous blood gas (jugular vein), serum osmolality, and cross-match to fresh whole blood. Thoracic radiographs and abdominal ultrasound were performed.
The dog was treated with a 2-liter bolus of lactated Ringer's solution and a concurrent lactated Ringer's solution supplemented with 30 meq KCl/liter and 2.5% dextrose (2 ml/kg/hour). A transfusion of fresh frozen plasma (2 ml/kg/hour) was initiated pending results of the cross-match. Vitamin K l a (2.5 mg/kg subcutaneously) was given. Antibiotic therapy consisted of ampicillin b (25 mg/kg i.v.) and amikacin c (5 mg/kg i.v.) . Over the following 4 hours, the dog became acutely dyspneic and nonresponsive to external stimuli. She was subseqeuntly euthanized.
Although a complete necropsy was not performed, tissue samples of liver and kidney were obtained for histopathology.
Methods and Materials
Alga identification. A water sample collected 72 h postexposure was obtained for toxicologic analysis. The sample was collected from the water's surface and consisted of 20 ml of concentrated algal surface material placed in 100 ml formalin, and an additional unpreserved 2-liter sample.
Bioassay. The algal cell material was used to demonstrate toxicity of the blue-green alga in 3 female Swiss Webster mice (mean weight, 37 g; range, 35-42 g). Fifty grams of wet bloom (3.1% dry matter or 1.5 g dry cell equivalent) was frozen, thawed, and filtered through Whatman no. 4 paper. Sixteen milliliters of filtrate were obtained, and 0.5 ml (corresponding to the filtrate of 50 mg dry cells) was given to each of 3 mice via an intraperitoneal injection. Thus, each mouse received filtrate equivalent to 1.35 mg of dried cells per gram of body weight. At the same time, 2 control mice were given 0.5 ml deionized water via intraperitoneal injection. Mice receiving algal injections were euthanized when moribund, and control mice were euthanized at completion of the study. Body weights and liver weights were obtained immediately after euthanasia of the mice. Samples of liver were fixed in 10% neutral buffered formalin and prepared for examination with light microscopy.
Results
Clinical pathology. Abnormalities in the complete blood count (Table 1) included a leukocytosis with a mature neutrophilia, lymphopenia, and monocytosis. A hypofibrinogenemia was present, and the icterus index was markedly elevated. These results were similar to those of the referral complete blood count (not shown). Significant abnormalities were present in both chemistry profiles ( Table 2 ). The abnormalities on the Table 2 . Serum chemistry profile in a dog 12 and 48 hours following ingestion of M. aeruginosa. Results are consistent with hepatic necrosis. Marked elevations in serum ALT and AST enzyme activities present initially had decreased at 48 hours. Table 3 . Abnormalities in the coagulation profile in a dog following ingestion of the hepatotoxic alga M. aeruginosa. Results are consistent with fulminant hepatic failure. Concurrent disseminated intravascular coagulation is likely. The assay for fibrin degradation products was not performed because the sample did not clot. initial chemistry panel included increased alkaline phosphatase activity, markedly increased alanine transaminase (ALT) and aspartate transaminase (AST) enzyme activities, hyperbilirubinemia, hypoglycemia, hyperchloremia, and hypokalemia. The chemistry panel at the teaching hospital also had elevated alkaline phosphatase activity, increased. ALT and AST enzyme activities, and hyperbililrubinemia. Hypokalemia, slight hypematremia, and hyperchloremia were present. A fasting hyperammonemia occurred (629 µg/dl; reference range, 0-92 µg/dl). Serum osmolality was elevated (325 mosm/kg; reference range, 290-310 mosm/kg). Extreme abnormalities were present in all coagulation parameters (Table 3) . Results of a jugular venous blood gas revealed an acidemia and elevations in the partial pressure of oxygen and oxygen saturation (Table 4 ). Thoracic radiographs were unremarkable. The abdominal ultrasound revealed hepatomegaly with diffuse hyperechogenicity of the hepatic parenchyma.
Gross pathology. The liver of the affected dog was swollen, friable, discolored a dark red, with a pale reticular pattern. There were no lesions on cut section. Petechial and ecchymotic hemorrhages were present throughout the mesentery. The kidneys were grossly normal.
Histopathology. The liver was characterized by massive hemorrhagic necrosis of the centrilobular to midzonal hepatocytes (Fig. 1) . The remaining hepatocytes formed a small 1-2-cell-diameter cuff surrounding the portal vessel. Cells lining the reticular plate were absent. The remaining portal hepatocytes Table 4 . Venous blood gas (jugular vein) results in a dog with hepatic necrosis due to M. aeruginosa ingestion shows metabolic acidosis and increased partial pressure of oxygen. were elongated rather than cuboidal, and cell-to-cell attachments were poorly defined. Acute moderate to severe glomerulosclerosis was also present. The kidney contained shrunken glomerular tufts that occurred in varying degrees of severity, ranging from a minor degree of mesangial cell loss to complete absence of glomerular mesangium within Bowman's capsule. Several renal casts were also noted in thin loops.
Alga identification. The alga was identified as Microcystis aeruginosa by light microscopic examination on the basis of morphologic features of clumps of cells surrounded by a glycocalyx (Fig. 2) .
Bioassay. Mice that received intraperitoneal algal injections became moribund within 30 minutes. On gross necropsy, massive hepatic enlargement with dark red discoloration was present (Fig. 3) . The mean liver weight for mice injected with the alga was 8.55 ± 1.0794% of body weight versus 4.04 ± 1.2317% for the deionized water controls. The hepatic weights of injected and control mice were significantly different from each other when tested with Student's t-test. The data were transformed by the square root to normalize error before testing. 8 Histopathology of liver from control mice was normal (Fig. 4) . Liver from affected mice had centrilobular congestion, with a large number of red blood cells separating affected hepatocytes and a few scattered neutrophils (Fig. 5 ). Areas of severe hepatocyte degeneration, dissociation, and necrosis were present. 
Discussion
(M. aeruginosa) toxicosis in a dog and the first clinical report of blue-green algae poisoning in California. Toxicosis due to the blue-green alga (cyanobacteri-Microcystis aeruginosa acts as a hepatotoxin in a urn) Microcystis aeruginosa has been reported in lab-variety of species. 3,7 Clinical signs of vomiting, diaroratory animals and livestock. 3 ' 7 Toxicity of M. aerurhea, anorexia, and lethargy in this dog are consistent ginosa is due to cyclic heptapeptides called with signs induced experimentally in rodents and sheep. microcystins. 2 Microcystins cause hepatic necrosis in The abnormalities in the complete blood count and mice, rats, guinea pigs, sheep, and cattle. [3] [4] [5] [6] The toxins chemistry profile are consistent with hepatic necrosis. produce hepatic injury by disruption of the hepatocyte The complete blood count showed hemoconcentration cytoskeleton. 4 and a stress leukogram. The initial marked elevations Potentially toxic algal blooms occur under condiin hepatic leakage enzymes are consistent with earlier tions of hot, dry weather. Shallow, stagnant water with reports of Microcystis intoxication. 3, 5 The abnormalia moderate to high nutrient content provides an op-ties in prothrombin time, partial thromboplastin time, timum environment for algal growth. Water or wind and fibrinogen could be explained by fulminant hepatic movements often concentrate the algae. 3 The cyano-failure. Thrombocytopenia may be a result of hembacterial pigment is released as the algal cells die, and orrhage. Hypofibrinogenemia, thrombocytopenia, and the bloom appears as a blue-green "scum" floating on decreased antithrombin-III support concurrent disthe surface of the water. 3 seminated intravascular coagulation. The increases in The clinical features, laboratory findings, and pathovenous partial pressure of oxygen and oxygen saturalogic abnormalities in mouse and dog, identification tion could have been caused by increased cardiac outof an algal bloom, and demonstration of toxicity in put, venous shunting, or decreased use of oxygen bemice all support a diagnosis of M. aeruginosa toxicosis cause of metabolic toxins. In this case, all 3 phenomena in this case. This is the first report of blue-green algae were possible. was similar for both the dog and the affected mice. c. Amiglide-V, Fort Dodge Laboratories, Fort Dodge, IA. Necropsy findings for Microcystis hepatotoxicity typically reveal gross hepatomegaly due to massive hemorrhage. Hepatocellular dissociation and necrosis may involve the entire lobule, with only a rim of 2-3 periportal hepatocytes remaining. 4 Hepatocytes may migrate to central veins of the liver and travel to the pulmonary vasculature. 4 Algal organisms may be present in the gastrointestinal tract. 3 Microcystis produces a peptide toxin that causes severe hepatic necrosis. 14 C-labeled peptide toxin from Microcystis given intraperitoneally to mice demonstrated that 70% of the label appears in the liver after 1 minute and 90% after 3 hours. 1 Experimental results suggest that the disruption of cytoskeletal structures is accompanied by disturbances in cellular calcium homeostasis and by decreased protection against oxidative damage to the cells. 7 Microcystis toxicosis should be suspected when appropriate clinical signs, clinical pathologic evidence, and postmortem lesions of massive hepatic necrosis are present along with evidence of bloom consump-
